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EXECUTIVE SUMMARY 
 Manganese is present in most potable water supplied by wells. This can be 
problematic if it is allowed to form a solid precipitate. Currently, the community of West 
Boylston experiences occasional consumer complaints regarding this issue. For treatment 
of the manganese, the town is currently using a polyphosphate chemical that should 
sequester the ion and hold it in solution.  However, it appears the chemical is not doing 
its job. The goal of this project was to find the optimal working conditions of the 
polyphosphate chemical and recommend appropriate changes to the West Boylston water 
system. 
 Experiments that were completed included pH and polyphosphate dose variation. 
The activity of the chemical resembled the solubility curve of manganese-phosphate 
which was expected.  The experiments showed that the dose did not affect the 
performance of the polyphosphate.  These experiments were designed to simulate the 
conditions in West Boylston’s water and followed the recommendations of a 
polyphosphate additive vender.  In light of these unexpected results it was determined 
that the chemical was not providing adequate sequestration over the reaction times 
allowed.  A hypothesis was developed as to why the chemical was not performing as 
expected which included the possibility of competing positively charged ions for the 
polyphosphate and the need for a longer reaction times.  
 The results from the experiments completed within this study as well as the new 
hypothesis, make it important to continue this work.  Experiments should be conducted 
with a longer reaction time and the idea of competing ions should be investigated. 
Suggestions have been made to possibly improve the process while the study is being 
continued. These changes include altering the current chemical addition process and 
investigating the use of other, potentially more effective, polyphosphate products. 
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BACKGROUND INFORMATION 
Manganese is a very common transition metal and currently makes up 0.1% of the 
earths crust. It is the second most abundant redox active metal (Casale et al. 2002).   
Manganese is generally found in its ionic state, Mn2+ when present in solution, and is 
typically surrounded by water molecules and anions that may be present. In this particular 
arrangement, manganese serves as the central ion and all of the surrounding molecules 
are called ligands. This is demonstrated below in Figure 1.  
 
Figure 1- Complex formed by an Ion and Ligands 
 
  In groundwater manganese leaches into the water from the surrounding rocks 
that make up the underground aquifer.  The more manganese present in the rocks, the 
higher the manganese concentration will be in the water.  Manganese is non-toxic, it is 
even considered an essential trace element for humans, but according to the National 
Secondary Drinking water standards, it is desired that it be kept below 0.05 mg/L in a 
potable water supply (Casale et al.2002).  This is mostly due to the many negative effects 
which occur in its presence.  These negative effects include staining of porcelain 
plumbing fixtures, dishes and laundry, a poor taste when the manganese forms a 
precipitate, as well as buildup of oxides within pipes when manganese oxidizes into a 
solid.  Also, if the manganese level is extremely high, if an adult may be consuming 2-5 
mg/L/day or more, there can be adverse health effects such as muscular weakness and 
rigidity of the limbs (Casale et al. 2002).  For these reasons, it is desirable to prevent the 
precipitation of manganese, or remove it altogether.  
There are many ways to treat problematic manganese in potable water supplies. 
Some ways include removing the manganese by oxidation, which causes the metal to 
form precipitates so it can be removed by filtration (Water Treatment Plant Design, 
1998). Other ways include dissolved air flotation, membrane processes, bio filtration, 
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adsorption onto manganese oxide surfaces, zeolite softening, and precipitative softening 
(Casale et al. 2002).  Another specific method of manganese control is the addition of a 
sequestering agent, such as a polyphosphate, which works to keep the manganese ion 
forming precipitates under any circumstances (American Chemistry Council, 2004). 
Within this study sequestration using a polyphosphate product was be the primary focus. 
In general, polyphosphates are soluble compounds in water and tend to be bonded 
in long chains with strong electrostatic charges which will hold a metal ion in solution as 
well as keep it from reacting with other ions (Van Newenhizen, 1998).  More 
specifically, polyphosphates are a chain of orthophosphates. Orthophosphates are the 
most basic piece of the polyphosphate chain and consist of one phosphorous atom bonded 
to four oxygen atoms.  This can be seen below in Figure 2. 
 
Figure 2 – Orthophosphate 
 
Polyphosphates can be categorized by how many orthophosphates are present in 
the chain. A chain with a group of two orthophosphate groups linked together is referred 
to as pyrophosphate, a chain with three is a tripolyphosphate, and a chain with four or 
more groups is referred to as hexametaphosphate.  Hexametaphosphates are more 
expensive to produce and are used only in higher quality blended polyphosphates 
(Pristine Water Solution, 2006).  
The polyphosphate products work by forming a soluble complex with manganese 
so that it cannot be oxidized and fall out of solution (Gnidovec).  More specifically, the 
Manganese acts as the central ion and accepts electrons from the polyphosphate, or 
ligand.  It is by this chemistry that the manganese ion becomes soluble (Snoeyink and 
Jenkins, 1980).   
The polyphosphate product is expected to work as a chelating agent. In other 
words it forms a multi-bond complex with the manganese ions. The resulting molecular 
structure resembles ‘a claw’ holding the ion in solution.  Not all chelates are soluble. 
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When a chelate holds an ion in solution preventing it from precipitating the process is 
called sequestration; which is what the polyphosphates are accomplishing with 
manganese. Factors that may affect sequestration include total manganese present, pH, 
temperature, and the type of polyphosphate product. 
Polyphosphate produts are to believed to successfully ‘hide’ metals such as iron 
and manganese, however this should only be done with lower concentrations because the 
metals are not removed (Gnidovec).  DuBois states that the total concentration of both 
iron and manganese should be less than 1 to 3 mg/L for successful sequestration and 
Casle et al. suggests that there be less than 2 mg/L of total iron and manganese. 
Polyphosphate products have a pH range in which they work best.  In the case of 
polyphosphate addition, the process is expected to work best under alkaline conditions 
(American Chemistry Council, 2004).  However, a pH that is too high may allow 
chelation of the manganese but will not allow the newly formed chelate to remain 
soluble.  Meanwhile, a lower pH may break the sequestering effect (Van Newenhizen, 
1998).  A pH that is too high or too low can also lead to reversion of the polyphosphate, 
or the breaking down of the chain into non- chelating orthophosphates.  The desired pH 
for a polyphosphate to work effectively is 7.2- 7.8.  Anything lower can encourage 
corrosive conditions and anything higher can lead to problematic precipitation and 
deposition.  At higher pH the precipitation and deposition can occur directly after the 
addition of KOH where localized pH could reach a point where Mn would deposit 
(Burkle, March 22, 2007). 
Temperature is also an important factor to consider while using polyphosphates to 
sequester manganese. Similarly to a high pH, high temperature can lead to reversion.  
Orthophosphates do not have the oxygen bridges needed to form the ring structure 
needed for chelation (Pristine Water Solutions, 2007). It has also been stated by Casale et 
al. that the water must be cold for successful sequestration. Plus, if the water is heated or 
boiled the polyphosphate could lose its dispersing properties. 
 Polyphosphates also have concentrations in which they will work best.  It is said 
that this complexation reaction can be accomplished with polyphosphate amounts far 
below that indicated by the stoichoimetry, due to the “threshold effect” created by the 
polyphosphate (American Chemistry Council, 2004).  This could potentially cut down on 
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the cost of treating problematic manganese in drinking water by decreasing the amount of 
needed polyphosphate.  However, some believe that this is not true.  Gnidovec says that a 
1:1 reaction is required when adding a polyphosphate to effectively sequester manganese. 
It has also been stated by Pristine Water Solutions that the negative effects brought on by 
manganese will immediately be eliminated while much of the damage that has already 
been done will be eliminated over time.  Meaning that any manganese buildup will be 
reversed by the polyphosphate. 
Another important fact regarding polyphosphate chemicals is that the newly 
formed complex between polyphosphate and manganese should be stable in the presence 
of chlorine.  Because chlorine is often used to treat drinking water, it is important that it 
does not reverse the affect of the polyphosphate (American Chemistry Council, 2004).  
However, the chlorine must be added after the polyphosphate and as far away as possible, 
as chlorine is an oxidizing agent (mwra.com).  Chlorine is also important when using a 
polyphosphate because the product serves as a food source for bacteria. Chlorine would 
limit the amount of bacteria feeding on the polyphosphate in the water supply (Casale et 
al. 2002). 
Polyphosphate products come in all different formulations, some of which may 
work better for the sequestration of manganese. They are dependent on the conditions 
present.  Two specific types of polyphosphates are ortho/poly blends and linear chain 
polyphosphates.  Ortho/poly blends work better in high hardness waters and are said to 
effectively control corrosion and sequester iron and manganese.  However they will not 
be as effective in low hardness waters and can lead to increased lead residuals if the 
dosage is too high.  Meanwhile, linear chain polyphosphates, which consists of a variety 
of sodium and potassium polyphosphates, are said to be better in water that is very hard 
or contains very high levels of iron and manganese (DeBois, 2002).  Polyphosphate 
products are not just used as sequestering agents but are also commonly used for 
corrosion control.  According to Pristine Water Solutions, the correct ratio of ortho to 
polyphosphate can achieve both goals. 
One important factor regarding the use of commercial polyphosphates is that 
some companies may include phosphoric acid to reduce the cost of their product.  It is 
thought that phosphoric acid may increase the amount of lead and copper leaching into 
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the water supply.  It may also decrease the amount of corrosion control one may receive 
from their blended polyphosphate product.  Products that use phosphoric acid may 
require much higher dosage rates thus increasing the amount of product that must be 
purchased. 
West Boylston Water District uses polyphosphate addition to sequester 
manganese in its water.  The wells, particularly the Oakdale well at 1.3 mg/L, have a high 
level of manganese. Currently West Boylston is injecting a polyphosphate chemical 
provided by Shannon Chemical Co. into their water supply to sequester the problematic 
manganese.  This is done very soon after the addition of a pH adjuster, in this case KOH.  
The process can be seen below in Figure 3. 
 
 
Figure 3- Injection method for West Boylston. Addition of pH adjuster on the left, and addition of 
the polyphosphate on the right.  
 
The first injection port is for the KOH and the second is for the polyphosphate 
product.  The wells in West Boylston do not operate continuously. Generally they operate 
for 4 -8 hours and then are unpowered until they are needed again.  While the wells are 
being pumped the average dose of  polyphosphate tends to be roughly 10 ppm in the 
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Oakdale well (Coveney, Sept 9, 2006).   This dose is far below the maximum of 28 mg/L 
suggested by the NSF. 
 Chlorination occurs only during the summer months when there is more potential 
for biological growth. It is important to consider the effects of chlorine on the 
polyphosphate because of this periodic addition. 
After the water is injected with these two chemicals it is distributed to the 
residents of West Boylston for use. However, even with the addition of polyphosphate 
West Boylston experiences precipitates, all or most of which are comprised of 
manganese.  The problems being reported include staining of consumers’ appliances and 
laundry, as well as build up within pipes, tanks, and other system components (Coveney, 
Sept 9, 2006). Due to these precipitates the water district wishes to reevaluate the current 
method of sequestration and determine how to improve the process. 
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HYPOTHESIS AND OBJECTIVES 
 
 Polyphosphates are a widely used potable water treatment option.  This project 
tested the ability of polyphosphates to sequester manganese under varying conditions.  
More specifically, the goal was to determine the optimal dose and operating pH of the 
polyphosphate chemical for West Boylston, Ma.  
 
Hypothesis 
The currently used polyphosphate, with the right pH and proper dose, will effectively 
sequester manganese in West Boylston’s water. 
 
Objectives 
• To develop a conceptual understanding of the manganese and phosphate 
relationship. 
• To find the optimal dose and operating pH for the currently used polyphosphate at 
West Boylston, Ma. This will be accomplished but simulating conditions similar 
to those found in West Boylston and any with recommendations provided by 
polyphosphate manufacturors. 
• To determine the mechanism and chemical reactions involved in the sequestration 
process. 
• To suggest future work to be completed on this topic. 
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EQUIPMENT AND EXPERIMENTAL METHODS 
 
During initial runs, purified de-ionized water was used along with a phosphate 
salt instead of the polyphosphate product. This allowed for the most basic chemistry to be 
observed, and thus created a basis for the more complex chemistry involving water from 
West Boylston and the polyphosphate product. In order for this project to be successful 
the optimal working conditions for polyphosphate needed to be pinpointed. For this to be 
accomplished, it is necessary to complete laboratory experiments. 
 
Equipment 
 A variety of equipment was needed in order to complete this project.  . A list of 
equipment needed for any and all experiments completed during this project can be seen 
below. 
• pH meter  
The pH meter used is an Orion model, shown below in Figure 4. 
 
Figure 4 – Orion pH Meter 
This meter is a model 420A made by the Orion Research Company. The probe, made by 
the same Company was a 91-57BN.  The meter was calibrated using three pre-made 
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solutions at pH’s 4, 7, and 10.  Calibration took place before the meter was used for any 
experiment or once during a day where it was used more than once. 
 
• Atomic Absorption Spectrometer (AA) 
The AA machine is from Perkin Elmer instruments and it is the Analyst 300 Model. 
The machine can be seen below in Figure 5.  
 
Figure 5 – Perkin Elmer AA Machine 
It takes 5 seconds to read a sample and can measure concentrations as low as 100 
ppb.  It can also analyze up to 160 samples.  E-pure water is entered first to zero the 
machine out. This is done twice.  Next pre-made standards are analyzed to make sure 
the system is on track. And finally, samples can be analyzed.   
• Manganese (II) Chloride 
This salt was used to create the manganese stock solutions and was ordered from 
Fisher Scientific. 
• Sodium Phosphate Dibasic Anhydrous 
This salt was used to create the phosphate stock solutions and was ordered from 
Fisher Scientific. 
• Polyphosphate chemical 
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The polyphosphate chemical can come from a variety of companies. In the case of 
this study the chemical was collected during a visit to West Boylston. The chemical 
was purchased from Shannon Chemical. 
• Chlorine 
Chlorine is used to simulate part of the water treatment process and further 
investigate the effectiveness of the polyphosphate. 
• 0.1 M KOH and 0.1 HCL 
These solutions were needed in order to adjust the pH of some of the water samples.  
They were readily available in the lab. 
• Scale 
A scale was needed in order to weigh out correct amount of the salts as well as 
determine the density of the polyphosphate chemical. The scale was digital and could 
measure out to 0.1 mg.  It was readily available in the lab. 
• Phipps and Bird Stirrer 
In order to ensure that all samples were mixed at the same rate and for the same 
amount of time a Phipps and Bird stirrer weas used.  This instrument can be seen 
below in Figure 6. 
 
Figure 6 - Phipps and Bird Stirrer 
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Aside from the aforementioned materials, other standard materials were also needed. 
These are listed below without further description 
• Hot plate 
• Capped vials 
• labels 
• 600 mL beakers 
• Pipettes 
• Pipette tips 
• Funnels 
• Filter paper 
 
Preparation of Stock Solutions for Initial Runs 
 The initial experiments that were conducted for this project required addition of a 
manganese salt, Manganese (II) Chloride in particular, and a phosphate salt, Phosphate 
Dibasic Anhydrous, to E-pure water.  It was necessary to mix stock solutions of each 
chemical before conducting the actual experiment. Stock Solutions were made on an as-
needed basis and kept for use in future experiments if they are called for.  It was 
predetermined that the phosphate stock solution should be at a much larger concentration 
than the manganese.  In this case for every manganese solution mixed a phosphate 
solution 10x greater in concentration should also be prepared. The following steps 
illustrate how the stock solutions were made.  
1. A precise predetermined amount of manganese and phosphate were weighed out 
using a scale. For sample calculations on how this amount was determined please 
see the Appendix. 
2. The weighed samples were mixed with 500 mL’s of water in glass beaker and 
stirred using stirring rods until all visible solids are dissolved. 
3. The mixed solutions were transferred into plastic bottles with caps. 
4. The bottles may be shook in order to dissolve any remaining solids. 
5. The Stock solutions were placed in the refrigerator until they were needed. 
  17
Determining optimal pH 
 
The first portion of the experiments conducted for this project was used to 
determine the optimal pH needed for the most successful sequestration of manganese 
using a phosphate salt. The pH range ranged from 4 up to 10. Stock solutions of both 
manganese and phosphate at varying concentrations were created prior to the experiments 
using the procedure listed above.  The phosphate stock solution was always be 10 times 
greater in concentration than the manganese stock solution. The sample containing both 
manganese and phosphate was mixed for no less than 2 hours. This was done to ensure 
that as much manganese is sequestered by the phosphate as possible. 
 
In order to determine the optimal pH for manganese to be sequestered by phosphate 
ions the following steps were be taken 
1. The pH meter was be calibrated using the steps outlined in the above Equipment 
section. 
2. 400 mL of de-ionized water was brought to the desired pH using 0.1 M KOH or 
0.1 M HCL. 
3. 4 mL’s of the pre-made manganese stock solution was added to the water. In one 
of the runs the amount added simulated that amount generally found in West 
Boylston’s water supply. 
4.  4 mL’s of the pre-made phosphate stock solution was also added to the 
manganese/ water mixture resulting in a phosphate concentration of 10 times the 
amount of manganese.  
5. The solution was continuously mixed for approximately 2 hours to encourage a 
high oxygen concentration as well as ensure that all of the possible manganese 
has reacted with the phosphate. At first, the solution was mixed quickly 5 rpm for 
15 minutes, and then more slowly at 105 rpm for 2 hours to allow flocculation. 
6. Sample were then be filtered using funnels and filter paper and placed in capped 
vials. 
7. Filtered samples were examined using the AA machine to determine the 
concentration of manganese still remaining in solution. 
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8. The process was repeated at a different pH’s for the same concentrations of 
manganese and phosphate. 
9. The entire process was be repeated using different concentrations with pH ranging 
from 4-10. 
 
Investigating Iron’s role in the Manganese-Phosphate Relationship 
Upon completing experiments regarding the optimal pH for phosphate to 
successfully sequester manganese it was necessary to investigate the role of iron within 
the process. Iron is also present in West Boylston’s water supply and therefore may have 
played a significant role in the solubility of manganese in the presence of phosphate.  In 
order to further investigate this relationship laboratory experiments were conducted. The 
stock solutions made previously for the pH study will be re-used in an effort to conserve 
materials. Other stock solutions of iron dissolved in E-pure water will be needed. 
The experiments followed roughly the same procedure as used in the pH study.  
The sample of de-ionized water was brought to the desired pH and then the correct 
amount of stock solutions for phosphate, manganese, and iron was added.  The 
concentration of iron in the prepared solutions will resemble what can be found in West 
Boylston’s water supply and increased similar to the manganese throughout the runs 
completed.   These solutions were then mixed continuously for 2 hours to ensure that 
oxygen is present and that all reactions possible have taken place.  
 
 In order to determine if iron plays a role in the sequestering of manganese using 
phosphate the following steps were taken 
1. The pH meter was calibrated using the procedure outlined in the above 
Equipment section. 
2. De-ionized water was brought to the desired pH using 0.1 M KOH or 0.1 M 
HCL. 
3. A set amount of the pre-made manganese stock solution was added to the 
water. In one of the runs the amount added simulated that amount generally 
found in West Boylston’s water supply. 
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4. A set amount of the pre-made iron stock solution was added to the water. In 
one of the runs the amount added simulated that amount generally found in 
West Boylston’s water supply. 
5. A set amount of the pre-made phosphate stock solution wasadded to the 
manganese/ water mixture resulting in a phosphate concentration of 10 times 
the amount of manganese.  
6. The samples were continuously mixed for approximately 2 hours to encourage 
a high oxygen concentration as well as ensure that all of the possible reactions 
have taken place. At first, the solution was mixed quickly 5 rpm for 15 
minutes, and then more slowly at 105 rpm for 2 hours to allow flocculation. 
7. Samples were filtered using funnels and filter paper and then placed into 
capped vials. 
8. Filtered samples were examined using an AA machine to determine the 
concentrations of manganese and iron remaining in solution. 
9. The process was repeated at a different pH and the same concentrations for 
the manganese, iron, and phosphate.   
10. The entire process was repeated at different concentrations and pH varying 
from 4-10. 
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Varying Doses of the Polyphosphate Chemical with West Boylston 
Water 
 Up to this point all experiments that were conducted were for theoretical 
purposes. This particular set of experiments used water collected from the Oakdale well 
site in West Boylston as well as the actual polyphosphate chemical currently in use.  The 
purpose of this particular experiment was to investigate how the dose of the 
polyphosphate effects sequestration of manganese.  The varying doses was chosen by 
taking the average of the chemical doses from West Boylston and making that the 
midpoint. There was a total of 8 different doses ranging from 0 mg/L to 7.5 mg/L. 
 The procedure used for this study resembled what was used for the previous 
studies; however there was no manipulation of the pH.  Water collected from West 
Boylston was measured out and then the predetermined amount of polyphosphate 
chemical will be added.  Samples were then thoroughly mixed and filtered. Un-filtered 
samples were also be analyzed. The detailed procedure that was used is shown below. 
1. The amount of polyphosphate that will need to be added to each sample was 
calculated. For sample calculations on how this was done, see the Appendix. 
2. The polyphosphate was diluted using e-pure water.  The newly diluted chemical 
will be thoroughly mixed. 
3. The predetermined amount of the polyphosphate chemical was be added to 400 
mL samples of West Boylston water.  
4. The samples werecontinuously mixed for approximately 2 hours to encourage a 
high oxygen concentration as well as ensure that all of the possible reactions have 
taken place. At first, the solution was mixed quickly 5 rpm for 15 minutes, and 
then more slowly at 105 rpm for 2 hours to allow flocculation. 
5. After mixing, un-filtered sample were collected in capped vials and refrigerated. 
Also, samples at each varied dose were filtered before being placed in a capped 
vial and refrigerated. 
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6. All samples were analyzed in the AA to determine the amount of manganese still 
remaining in solution. 
7. The entire process may be repeated to ensure validity of the results. 
 
Determining the Effect of pH on the Polyphosphate and West 
Boylston Water 
 This set of experiments also used water collected from the Oakdale well site in 
West Boylston.  The experiments greatly resembled the first pH experiment and use 
roughly the same procedure.  The purpose of this experiment was to determine how the 
pH of the water effected sequestration. The first polyphosphate dose examined resembled 
what is currently being used in West Boylston. The detailed steps of how this experiment 
was be conducted can be seen below. 
 
1. The pH meter was calibrated using the steps outlined in the above Equipment 
section. 
2. 400 mL of raw West Boylston water was brought to the desired pH using 0.1 
M KOH or 0.1 M HCL. 
3. A predetermined amount of the polyphosphate chemical was added to the 
West Boylston water. To see how this was calculated please see the Appendix. 
4. The solution was continuously mixed for approximately 2 hours to encourage 
a high oxygen concentration as well as ensure that all of the possible 
manganese has reacted with the phosphate. At first, the solution was mixed 
quickly 5 rpm for 15 minutes, and then more slowly at 105 rpm for 2 hours to 
allow flocculation. 
5. Samples were then be filtered using funnels and filter paper and place in 
capped vials. 
6. Filtered samples were examined using the AA machine to determine the 
concentration of manganese still remaining in solution. 
7. The process was repeated at a different pH’s for the same concentrations of 
manganese and phosphate. 
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8. The entire process was be repeated using a different polyphosphate 
concentration with pH ranging from 4-10 
Investigating the Role of an Oxidizing Agent in the Mn- 
Polyphosphate Relationship 
Chlorine is a common addition to local water supplies for a variety of reasons including 
sterilization. However, Chlorine is also acts an oxidizing agent. When the water is 
pumped up from the ground the manganese is most likely in its reduced form, and 
therefore easy to oxidize.  Therefore the addition of chlorine may be affecting the 
polyphosphate manganese relationship. In order to determine how this may play a role in 
West Boylston’s current system another set of experiments was conducted.  The 
procedure will greatly resemble the varied dose experiments with the addition of 
chlorine.  The detailed procedure can be seen below. 
1. The amount of polyphosphate that will need to be added to each sample was 
calculated in previous experiments. The same numbers will be used in this 
experiment in order to ensure consistency. 
2. The polyphosphate needed to be diluted using E-pure water.  The diluted solution 
will be thoroughly mixed for 15 minutes. 
3. The predetermined amount of the polyphosphate chemical was added to 400 mL 
samples of West Boylston water.  
4. The samples were continuously mixed for approximately 2 hours to encourage a 
high oxygen concentration as well as ensure that all of the possible reactions have 
taken place. At first, the solution was mixed quickly at 105 rpm for 15 minutes, 
and then more slowly at 5 rpm for 2 hours to allow flocculation. 
5. After the vigorous mixing, but before the slow mixing, chlorine was added so that 
it was present in each sample at 15 mg/L.  
6. After mixing, un-filtered samples were collected in capped vials and refrigerated. 
Also, samples at each varied dose were filtered before being placed in a capped 
vial and refrigerated. 
7. All samples were analyzed in the AA to determine the amount of manganese still 
remaining in solution. 
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Digesting Previous Samples to determine if Manganese is present in 
its Particulate Form 
 Once the experiments completed with chlorine were completed, the samples were 
digested in order to determine if there was manganese present in its particulate form.  
This was done to verify previous results. The exact procedure used in the laboratory for 
this experiment can be seen below. 
1. 25 mL of each sample, both the filtered and non-filtered, were measured out and 
placed into a beaker. 
2. A total of 5 mL of Nitric Acid was added to each sample in order to dissolve any 
manganese present. 
3. The samples was heated using a hot plate until the temperature becomes steady 
between 180 - 190 °F and the sample volume was been reduced by about half. 
4. The samples were then be allowed to cool. 
5. E-pure water was then be added to each sample so that it can be brought back up 
to 25 mL. 
6. The samples were run through the AA again in order to determine the manganese 
present. 
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RESULTS AND DISCUSSION 
 Currently, West Boylston is dealing with problematic manganese precipitates. 
The polyphosphate chemical currently may not be providing the necessary results when it 
comes to sequestration of manganese. The raw water and finished water collected from 
the Oakdale well site were analyzed for the presence of manganese. This comparison can 
be seen below in Figure 7. 
 
Figure 7 - West Boylston water comparison. Samples both taken from the Oakdale well site.  
 
The finished site water contains slightly less manganese in solution than the raw water.  It 
contains 26% less manganese.  The missing manganese must be precipitating and falling 
out of solution somewhere within the process.  For this reason, further investigation was 
necessary to determine how the polyphosphate interacted with manganese and what 
conditions provided the best sequestration to remedy the situation. 
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0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1 
1
ppm Mn Finished site water
Raw site water 
  25
Effect of pH on the Manganese –Phosphate relationship 
 The first set of experiments was completed using manganese added to E-pure 
water along with lab grade phosphates.  This allowed for the fundamental chemistry to be 
observed. 
The experiments using e-pure water, manganese and phosphate salts showed that 
pH plays a significant role in the solubility of a manganese- phosphate complex. A rough 
equilibrium curve for the complex can be seen below in Figure 8. 
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Figure 8 - Solubility Curve for the Manganese-Phosphate complex with varying manganese and 
phosphate concentrations and varying pH. Mixed for 2.25 hours 
 
It is noticeable that at a lower pH the manganese- phosphate stays in solution, but 
it forms a precipitate starting around neutral pH through about pH 9. At more alkaline 
conditions the total amount in solution increases.  This is consistent with literature claims 
that polyphosphate chemicals should be used in an alkaline environment.  However, it 
appears that it may work better in more acidic conditions.  A drawback to both an acidic 
and alkaline environments is that they are both undesirable for potable water supplies. 
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Effect of Iron on the Manganese- Phosphate Relationship 
 After determining that manganese and phosphate had a definable relationship, it 
became necessary to determine whether or not iron affected it.  Iron is also present in 
West Boylston’s water supply, and therefore it may be one of the underlying causes 
behind the manganese precipitates.  It is possible that iron could form a complex with the 
phosphate instead of the manganese.  Polyphosphates are also used for iron sequestration.  
This experiment also used e-pure water with added manganese and iron as well as lab 
grade phosphates.  
After careful experimentation, it was decided that the results were inconclusive.  
When iron was present, the manganese no longer formed its previously observed 
solubility curve. Instead the level stayed relatively constant throughout the pH range. A 
graph from one of the runs depicting this trend is shown below in Figure 9. 
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Figure 9 – 0.45 g/L Mn solubility with and without 0.25 mg/L Iron and 0.015 g/L phosphate 
 
The pink line shows the Manganese-phosphate solubility curve for that particular 
concentration and the blue line shows the amount on manganese in solution in the 
presence of iron and phosphate.  It appears that the iron preferentially bonded with the 
phosphate in solution. 
 Iron may very well play a significant role in the sequestration on manganese in 
the presence of polyphosphate. But for purposes of this study it will be disregarded from 
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this point on.  Only the relationship of manganese with the sequestering agent will be 
considered. 
Effect of Varied Polyphosphate dose on Manganese in Solution 
The experiment used to investigate the effect of the polyphosphate dose was 
repeated three times in order to ensure that the data was consistent.   This set of 
experiments used actual water collected from the Oakdale well site and the actual 
polyphosphate chemical currently used in West Boylston. 
 After completing analysis on all three runs it appears as though the dose affect 
the manganese in solution. This is shown below in Figure 10. At high doses (>4mg/L), 
the non-filtered samples contained slightly more manganese, which suggests that a small 
amount was precipitating out, just not visibly. However, this was only at higher doses of 
polyphosphate.  At the lower doses, there was no observed trend. The variation in dose 
does not considerably affect the total manganese in solution, and there is no statistical 
difference between the total manganese and manganese in solution for the examined 
conditions. 
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Figure 10 - Effects of Varied Polyphosphate Dose. pH = 6.5.  Solutions were mixed for 2.25 hours 
 
The error bars show the amount of uncertainty in the experiment.  It is important 
to note that the range of uncertainty overlaps and that amount of manganese in solution 
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did not change much at all.  Every sample contains a very similar amount regardless of 
polyphosphate dose. 
Effect of pH on the Polyphosphate Chemical and West Boylston 
Water 
The experiment used to determine the effect of pH on the manganese 
polyphosphate relationship used water collected from the Oakdale well site and the 
polyphosphate chemical currently in use.  In this experiment two different doses of the 
polyphosphate chemical were added to samples with varied pH levels.  
The data is shown below in Figure 11. 
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Figure 11 - Effect of pH on the Manganese Polyphosphate Relationship with a Mn concentration of 
6.5 mg/L and a polyphosphate concentration of 6.5 mg/L. Samples were mixed for 2.25 hours with 
varying pH from 4- 10 
 
This graph indicates that solubility of manganese decreases slowly as pH increases and 
drops off rapidly at about pH 9.5. This is consistent with the manganese-phosphate 
complex.  However, the solid region in this case would be located further right, or at a 
higher pH.  These results indicate that the polyphosphate works quickly at higher pH 
levels. 
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The Role of an Oxidizing Agent, Chlorine, in the Mn- Polyphosphate 
Relationship 
 After it was determined that varied polyphosphate dose did not play a significant 
role in sequestering manganese using the conditions currently existing at West Boylston, 
it was deemed necessary to repeat the experiment in the presence of an oxidizing agent, 
in this case chlorine.  The results for the experiment can be seen below in Figure 12.  
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Figure 12 - Varied Dose in the Presence of Chlorine. pH was between 7.2 – 7.8.  Chlorine 
concentration was 7.5 mg/L, and polyphosphate dose varied from 0 – 7.5 mg/L 
  
The results showed that the chlorine did not oxidize the manganese significantly, and an 
increased polyphosphate dose did not increase the manganese kept in solution. 
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Results of Digesting Samples to determine if Manganese was present 
in Particulate Form 
 The samples that were collected from the previous experiment using a high 
dosage of chlorine as well as varied polyphosphate dose were digested in order to 
determine if there was any manganese present that the AA did not initially pick up. The 
AA did not pick up any additional manganese in any of the samples. However, some of 
the samples did completely dry out while being heated. This could have lead to faulty 
data.  
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CONCLUSIONS AND RECOMMENDATIONS 
 In conclusion, the results from the experiments completed in this project show 
that the chemical currently employed by West Boylston is not an effective method of 
manganese sequestration at the conditions considered in this work. All of the results, 
especially for the dose variation experiment show that changing the conditions is not a 
solution to the manganese precipitate problem West Boylston is currently facing.  
However, for the purposes of future research, a new theory has been developed regarding 
what may be happening to prevent the polyphosphate from working at the current 
conditions.  
 
Developed Hypothesis 
 West Boylston’s water contains other positively charged ions in addition to 
manganese. The breakdown of these other ions can be seen below in Table 1. 
 
Ion Present mg/L 
Manganese 1.3 
Iron 0.024 
Calcium 14 
Magnesium 1.6 
Potassium 25 
Table 1 - Positively Charged Ions Present in West Boylston Water (Coveney, 2006). 
 
Considering the amount of other positively charged ions present it may be possible that 
they are all competing for the polyphosphate.  In which case manganese may be “losing” 
the competition, and therefore ultimately becoming oxidized with available chlorine or 
oxygen instead. This idea is illustrated below in Figure 13 using manganese and iron as 
the competing ions. 
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Figure 13 - Competing ions for Polyphosphate      
 
 A solution to this competition would be to increase the polyphosphate dose. However, 
there is a limit to how much polyphosphate that should be added to the water.  
 The second portion of this newly developed hypothesis is that the manganese may 
be sequestered by the polyphosphate at first, but later forced out of the manganese-
polyphosphate complex by chlorine and oxidized. Polyphosphate is said to “prevent or 
delay” the oxidation of manganese.  If it is only delaying the oxidation process then this 
hypothesis may be true.  
 Lastly, upon further investigation the oxidation reactions between manganese and 
oxygen or manganese and chlorine are very slow. These reactions are shown below. 
Mn with Chlorine 
Mn2+ + 2Cl- ? MnCl2 (s) 
 
Mn with Oxygen 
Mn2+ + O2 ? MnO2 (s) 
 
In the study conducted by AwwaRF titled Sequestering Methods of Iron and Manganese 
Treatment the following data was presented. 
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Figure 14 - Oxidized Manganese as Free Chlorine Equivalent in mg/L (Robinson and Reed, 1990) 
 
This graph shows that oxidation by chlorine can take up to 10 days. The experiments 
completed for this project were conducted over a period of hours; which may explain 
why the expected results were not seen. The formation of solids may be delayed beyond 
the reaction times tested within this work. 
 Also, due the fact that oxidation may take days, and the possibility that chlorine or 
oxygen may pull the manganese out of the manganese- polyphosphate complex water 
suppliers may need to consider the retention time of the water within the infrastructure.  
This may be a key factor leading to manganese precipitates. 
 
Suggested Future Work 
 The results obtained in this project suggest that more research must be completed 
before a definite conclusion can be made about the use of polyphosphate blends for 
sequestration in potable water supplies.  
 First the relationship between the polyphosphate chemical and other positively 
charged ions must be investigated. If there is a competition between the ions for the 
polyphosphate it may be a key factor leading to manganese oxidation and precipitation. 
Also, it must be determined why an increased dose does not fix this problem. 
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 Secondly, it is necessary to repeat the dose experiments completed within this 
project within a much longer time frame.  Doing this will answer the question of whether 
or not the manganese is pulled out of the manganese-polyphosphate complex and 
oxidized.  
 The polyphosphate blends themselves should also be analyzed. Since the 
companies that are producing these products do not wish to reveal what exactly is in the 
blends, it may be beneficial to spend some time analyzing the chemicals themselves to 
gain a better understanding of what they may contain. 
Lastly, it is highly recommended that other polyphosphate products be obtained 
and tested under the same conditions in order to determine if there are specific ones that 
work better for manganese sequestration.  
Recommendations for West Boylston 
 Specific recommendations for West Boylston regarding how to perfect their 
polyphosphate treatment cannot be made at this time.  Once more research is completed; 
recommendations can be made on which polyphosphate to use as well as what operating 
conditions are best. In the meantime however, general recommendations can be made to 
improve the process and possibly reduce manganese precipitates until a new 
polyphosphate chemical, or manganese removal process is instituted. These 
recommendations are listed below. 
 
• Investigate the use of other polyphosphate products 
There are many different varieties of polyphosphate blends available from a variety of 
providers.  Providers such as Pristine Water Solutions claim that after analyzing the 
water that needs treating then they can recommend a specific blend.  If these 
suggested blends can be obtained from a variety of companies then the 
polyphosphates can be tested and compared by an outside party, such as WPI 
students, and can be recommended for use. 
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• Add significant distance between the pH adjuster and the addition of the 
polyphosphate 
The majority of the literature that can be found on this topic suggest that the 
polyphosphate be added as far away from any pH adjusters or chlorine as possible. 
Currently, West Boylston is adding the polyphosphate directly after the KOH pH 
adjuster. If this distance can be increased it may work more effectively. This applies 
to the addition of chlorine too. It must be added after and as far away from the 
polyphosphate as possible. 
 
 The aforementioned recommendations only apply if West Boylston wishes to 
continue treating the potable water supply with a polyphosphate blend product.  
However, there are alternatives to this method. Oxidation followed by filtration can be an 
effective method for the removal of manganese and iron (Snoeyink and Jenkins, 1980).  
However, in communities that rely on well water this can be an extremely expensive 
option. Oxidation and filtration devices would need to be installed at every well (Pristine 
Water Solutions, 2007).  In the case of West Boylston, this is only recommended if they 
plan to build a treatment plant which all wells would pump to, which is out of the scope 
of this study. 
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APPENDIX 
Sample Calculations 
When preparing stock solutions it was necessary to determine the amounts of 
actual manganese and phosphate within the purchased salts.  In order to make a solution 
of 0.15 g/L Manganese one could not just measure out 0.15 g of the salt.  0.15 g of actual 
manganese was needed. First, it was determined how much of the salt was manganese 
and how much was not. This was done by atomic weight and then taking a percentage of 
the total weight to be manganese. This percentage was multiplied by a number in order to 
get 0.15 g.  The number was the total weight of the salt that was needed.  This is shown 
in the calculations below. 
 
MnCl2:  total MW= 125.84g Cl= 2(35.45= 70.9 g 
43.0
84.125
9.70 =g       
217442.0
75.0*5.0
gMnClx
x
=
=
 
0.17442g of the salt must be added.  The same process was used when making phosphate 
and iron stock solutions. 
 
The experiments to investigate the effect of varied doses required calculating the 
amount of polyphosphate that needed to be added to each sample. In order to do this the 
density of the chemical was determined using a scale. The density was found to be 3.64 
g/mL.  Using that density and the sample size of West Boylston water it was possible to 
calculate the amount of the chemical that needed to be added to the water.  This is 
illustrated below for the desired polyphosphate concentration of 3.5 mg/L. 
 
 
mL
gx
mL
L
mg
g
L
mg 6100.4
1000
1*
1000
1*5.3 −=  
mlx
mlg
gx 46 104.4
/64.3
100.4 −− =
 
Dilute the polyphosphate 1/100 so 44.0 µL needed to be added to the water.
pH Data 
 
Run 1 pH 
Conc. 
(ppm) 
Ln 
(conc.)  Run 3 pH
Conc. 
(ppm) 
Ln 
(conc.)   Fe Run 1 pH
Conc. 
(ppm) 
Ln 
(conc.) 
0.15 4 1.731 0.238297  0.25 4 3.415 0.533391   Mn=0.15 4 1.868 0.271377 
 5 1.617 0.20871   5 3.181 0.502564   Fe=.00025 5 1.658 0.219585 
 6 1.512 0.179552   6 3.004 0.4777    6 1.682 0.225826 
 7 1.391 0.143327   7 3.112 0.49304    7 1.578 0.198107 
 8 1.356 0.13226   8 2.692 0.430075    8 1.664 0.221153 
 9 1.577 0.197832   9 1.258 0.099681    9 1.554 0.191451 
 10 1.516 0.180699   10 1.383 0.140822    10 1.804 0.256237 
               
Run 2 pH 
Conc. 
(ppm) 
Ln 
(conc.)  Run 4 pH
Conc. 
(ppm) 
Ln 
(conc.)   Fe Run 2 pH   
0.45 4 6.45 0.80956  0.35 4 4.717 0.673666   Mn=0.45 4 5.291 0.723538 
 5 5.959 0.775173   5 4.611 0.663795   Fe=.00100 5 4.813 0.682416 
 6 5.86 0.767898   6 4.306 0.634074    6 4.994 0.698449 
 7 5.815 0.76455   7 4.514 0.654562    7 5.229 0.718419 
 8 3.052 0.484585   8 2.508 0.399328    8 5.094 0.707059 
 9 1.407 0.148294   9 1.629 0.211921    9 4.883 0.688687 
 10 3.087 0.489537   10 1.458 0.163758    10 5.067 0.704751 
ph Data with West Boylston water 
pH ppm Mn   pH 
ppm Mn 
(6.5) ln(conc)    
4 0.861 -0.065  4 0.904
-
0.04383    
5 0.838 
-
0.07676  5 0.861 -0.065    
6 0.829 
-
0.08145  6 0.835
-
0.07831  
Raw 
water 0.818
7 0.783 
-
0.10624  7 0.832
-
0.07988    
8 0.763 
-
0.11748  8 0.706 -0.1512    
9 0.72 
-
0.14267  9 0.685
-
0.16431    
10 0.361 
-
0.44249  10 0.557
-
0.25414    
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Varied Polyphosphate Dose Data 
W/cl 1     W/cl 2  
Non-
filtered 
Polyphosphate 
dose Filtered    Non-filtered 
Polyphosphate 
dose Filtered  avg  
0.073 0 0.098    0.049 0 0.072
Non-
filtered 
Polyphosphate 
dose Filtered 
0.088 1.5 0.057    0.03 1.5 0.076 0.061 0 0.085 
0.071 2.5 0.064    0.037 2.5 0.097 0.059 1.5 0.0665 
0.044 3.5 0.063    0.059 3.5 0.101 0.054 2.5 0.0805 
0.072 4.5 0.087    0.063 4.5 0.106 0.0515 3.5 0.082 
0.085 5.5 0.097    0.068 5.5 0.102 0.0675 4.5 0.0965 
0.065 6.5 0.1    0.076 6.5 0.099 0.0765 5.5 0.0995 
0.063 7.5 0.1    0.071 7.5 0.106 0.0705 6.5 0.0995 
         0.067 7.5 0.103 
         
Stdev NF Stdev F  Frac NF Frac F  conf 95% nf conf 95% f  
0.0169706 0.018385  1 1  0.02351957 0.02547953  
0.0410122 0.013435  2.416667 0.730769  0.05683896 0.01861966  
0.0240416 0.023335  1.416667 1.269231  0.03331939 0.03233941  
0.0106066 0.02687  0.625 1.461538  0.01469973 0.03723932  
0.006364 0.013435  0.375 0.730769  0.00881984 0.01861966  
0.0120208 0.003536  0.708333 0.192308  0.01665969 0.00489991  
0.0077782 0.000707  0.458333 0.038462  0.0107798 0.00097998  
0.0056569 0.004243  0.333333 0.230769  0.00783986 0.00587989  
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Varied Polyphosphate Dose with Chlorine 
non-filtered 
 
 Filtered  
non-filtered 
(2) 
Polyphosphate 
dose Filtered  
non-
filtered 
(3) 
Polyphosphate 
dose Filtered 
0.945 0 0.947  0.95 0 1.011  0.806 0 0.855
0.94 1.5 0.945  0.974 1.5 1.028  0.808 1.5 0.836
0.96 2.5 0.936  1.083 2.5 1.05  0.8 2.5 0.832
0.921 3.5 0.926  1.024 3.5 1.157  0.898 3.5 0.809
0.926 4.5 0.906  1.027 4.5 0.992  0.814 4.5 0.818
0.942 5.5 0.927  1.014 5.5 0.982  0.808 5.5 0.798
0.985 6.5 0.964  1.036 6.5 1.003  0.809 6.5 0.789
1.024 7.5 0.946  1.048 7.5 0.982  0.855 7.5 0.831
           
           
           
           
Avg non-
filtered 
Polyphosphate 
dose 
avg 
Filtered  STD NF STDEV F  Frac NF Frac F   
0.9 0 0.917  0.081733306 0.078417685  1 1.01889   
0.907 1.5 0.936  0.087688844 0.096292956  1.00778 1.04   
0.947 2.5 0.939  0.141902549 0.10903822  1.05222 1.04333   
0.947 3.5 0.964  0.067099429 0.177084725  1.05222 1.07111   
0.922 4.5 0.905  0.106547329 0.087001916  1.02444 1.00556   
0.921 5.5 0.899  0.104543452 0.094447516  1.02333 0.998889   
0.943 6.5 0.919  0.119097999 0.113975143  1.04778 1.02111   
0.975 7.5 0.92  0.105187135 0.07886909  1.08333 1.02222   
 
 
 
 
Conf NF Conf F 95% 
0.092488243 0.088736334 
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0.099227445 0.108963735 
0.1605749 0.123386094 
0.075928756 0.200386549 
0.120567438 0.098450127 
0.118299879 0.106875462 
0.134769596 0.128972646 
0.119028261 0.089247137 
 
